Objectives: To investigate the effect of experimental neck muscle pain on the activation of the cervical extensor muscles during the performance of a cervical extension exercise by the use of muscle functional magnetic resonance imaging.
N eck pain is a common and disabling health problem, affecting men and women of all age groups. 1 A consistent finding in studies investigating neck pain is changes in the activity and physical structure of the cervical spine muscles and, consequently, such changes have been implicated in the occurrence, persistence, or recurrence of neck pain and disability. 2 These findings of muscle impairment in neck pain disorders have underpinned recommendations for their evaluation and training in the management of these disorders. 3 Studies investigating cervical muscle function in neck pain populations have predominantly focused on the function of cervical flexor muscles. Only a small number of studies have investigated the role of the cervical extensor muscles in neck pain. Such studies have shown deficiencies in the strength and endurance of cervical extensor muscles in patients with neck pain, [4] [5] [6] and physical changes in the extensor muscles including alterations in fiber type, 7 crosssectional area, [8] [9] [10] [11] and more recently, characteristic fatty infiltration that was only evident in the extensor muscles of individuals with neck pain associated with a whiplashassociated disorder (WAD). 12 To date, however, there has been a paucity of studies investigating the impact of pain and injury on the differential activation of the cervical extensor muscles.
One of the issues in investigating the differential activation of the extensor muscles is the inherent difficulties in the direct quantification of extensor activity because of the complex multilayered nature of this muscle group. One method that has proven valuable in addressing this issue is muscle functional magnetic resonance imaging (mfMRI). MfMRI is a noninvasive technique based on an acute enhancement of the T2 relaxation time (T2) of muscle water in response to activity providing a method for quantifying the differential activation of the multilayered cervical extensor muscles. 13 MfMRI has also been used in earlier studies in the spine to evaluate spinal muscle function before and after experimentally induced pain in otherwise healthy individuals. [14] [15] [16] [17] Experimental pain models allow an investigation of a cause-effect relationship between muscle pain and muscle function by comparing muscle activity with and without the presence of pain during the performance of a specific task. 18 Experimental pain models have some advantage over clinical pain models in that they create a relatively consistent neck pain model (relatively consistent location, duration, and intensity of pain) by which to study the impact of pain on muscle function.
The purpose of this study is to investigate the effect of experimental muscle pain on the activity of the cervical extensor muscles during the performance of an isometric cervical extension exercise in healthy individuals by the use of mfMRI. It is anticipated that the findings of the study will provide valuable insight into the immediate impact of pain on the differential function of this complex multilayered cervical muscle group.
METHODS

Participants
Fifteen healthy individuals (7 male and 8 female) with a mean age of 24.0±3.2 years participated in this study. Potential participants were excluded if they had any past or current neck pain, any history of neurologic disorders or if MRI was contraindicated [a cardiac pacemaker, claustrophobia, implanted metals, unremovable piercings, aneurysm clips, carotid artery vascular clamp, neurostimulator, cochlear or ear implants, and (possible) pregnancy within the first 3 mo]. The project was approved by the local ethics committees. Written informed consent was obtained from all participants.
General Design
MR images were obtained under 3 different conditions. Axial scans were first obtained at rest. During the second condition, the images were obtained immediately after the performance of an extension task without pain induction. During the third condition, muscle pain was elicited by the injection of hypertonic saline into the right upper trapezius. The participants performed the same extension task while having muscle pain, which was immediately followed by the third MRI. There were 45 minutes of rest between the second and third condition, which is required to allow approximately 98% of the T2 shifts to be recovered. 17 
Exercise Protocol
Each participant attended a preliminary session at least 1 week before the experimental session to establish their maximum voluntary contraction (MVC) values for the extension task. The participants were positioned in a prone position with their head and neck in a neutral position (Fig. 1) . In this position the mass of the head was supported at rest on the end of the padded plinth, which minimized activation of the cervical extensors between test repetitions. Maximal isometric cervical extension efforts were recorded using a dynamometer (compuFET; Hoggan Health Industries Inc, West Jordan, UT) modified to resist extension at the participants' external occipital protuberance. Each participant was instructed to extend their neck by pushing the back of their head into the pad of the dynamometer. A neutral craniocervical posture was encouraged by instructing the participant to maintain visual focus on a visual display graph immediately below them, which increased or decreased in proportion with muscular effort. Three MVC trials were performed with a rest period of 60 seconds between each trial. A maximum of the 3 trials was used as the official MVC score for the experimental session. At the experimental session the cervical extension task was performed at an intensity of 20% of the participants' MVC effort (measured at the preliminary session) over three 1-minute repetitions, each with a 15-second rest period. Live visual feedback of the participants' extension effort was provided on the display unit ( Fig. 1 ) with an indicator set at the required 20% MVC effort, which permitted the participant to maintain the correct intensity. During the rest period, the participants were encouraged to completely relax their extensor muscles with their jaw and head supported on the padded edge of the bed. The rate of perceived exertion (RPE) was self-reported after each exercise bout, both in the pain and nonpain conditions.
Experimental-induced Pain
Hypertonic saline (0.5 mL; 5%) was injected into the upper division of the trapezius muscle on the right side using standard sterile procedures. The bolus was injected into the trapezius muscle at the midpoint between the spinous process of C7 and the acromion. 19, 20 Thirty seconds after the injection, pain intensity was verbally rated from 0 to 10 by the participants using a numerical rating scale. If a participant reported a numerical rating scale of at least 4/10 the performance of the extension task was commenced immediately; if it was below 4/10, an additional injection with 0.2 mL saline was given before the commencement of exercise. 21 Pain intensity ratings were further evaluated before and immediately after each repetition of the exercise.
MfMRI
MRI was done on a 3-Tesla magnet (MAGNETOM Trio-Tim system, syngo MR VB13 software, Siemens AG, Erlangen, Germany). A flexible surface coil, 20 Â50 cm, fixed over the anterior aspect of the participant's neck was combined with the phased-array spine coil as a receiver coil combination. The participants were placed in a comfortable and relaxed supine position, with their hips flexed to 45 degrees and legs supported by foam wedges. The head was positioned in a neutral position, without rotation or lateral flexion, and in a neutral cervical lordosis. Imaging procedures were identical for the resting scan and the exercise scan. As the half-life of exercise-induced changes in muscle T2 has been shown to be 7 minutes, the participants were placed in the scanner immediately after the exercise. 22 The mean time between the end of the exercise and the start of scanning was 116±9 seconds.
A sagittal localizing sequence was first performed to identify cervical disc space intervals. Axial images parallel to the consecutive intervertebral discs with a slice thickness of 5 mm were obtained at 2 different cervical levels (C2 to C3 level and C7 to T1 level). For T2 calculation, a turbospin echo sequence was used: repetition time of 2500 milliseconds; echo times 10 to 161.6 milliseconds with steps of 10.1 milliseconds (16 echoes), field of view 256 mm, matrix 128Â128, and voxel size 2 Â 2 Â5 mm. Total acquisition time for 1 scan was 5 minutes and 12 seconds.
Data Management
After scanning, the images were transferred to a computer for the calculation of muscle T2 using Image J, a Java-based version of the public domain NIH Image software (Research Services Branch, National Institutes of Health). Regions of interest (ROIs) were developed on the axial images for the multifidus (Mul), semispinalis cervicis (SCe), semispinalis capitis (SCa), and splenius capitis (SpC) muscles at C2 to C3 and C7 to T1 with 2 exceptions: (1) the SCa muscle could not be distinguished at the C7 to T1 level and, therefore, no ROIs for this muscle at this level were included; and (2) the boundaries of the Mul and SCe muscles were not consistently separable and therefore these muscles were grouped as 1 ROI. Care was taken to avoid the inclusion of nonmuscular tissue (eg, fat, fascia, or blood vessels) in all ROIs.
Sixteen echoes were used in T2 calculation using a Simplex algorithm to fit the values from the specific slice in a T2 image volume to the exponential S n =S 0 exp (À TE n / T2) (n=1:16). The mean T2 value and its standard deviation were derived for each ROI. In an earlier study, the measure for calculating T2 shifts in the Mul/SCe muscles at C5 to C6 have shown excellent interrater reliability (ICC=0.95; CV=3.9). 23 
Statistical Analysis
Analysis was carried out using the PASW statistics 18. Descriptive statistics (mean and SD) were calculated for the intensity of pain, RPE, and, actual T2 values (milliseconds) and T2 shifts (milliseconds). T2 shifts are defined as the difference between the postexercise and resting T2 values. RPE and T2 shifts were used for further analysis by the use of analysis of variance with repeated measures. For RPE, the within-participant factors were exercise bout and condition. For the investigation of the effect of pain on the muscle recruitment, the T2 shifts between the exercise condition without pain and with pain were compared. The specific side (left or right) and level (C2 to C3 and C7 to T1) of changes were considered, as pain was induced only unilaterally and at the C7 level. A general linear model with repeated measures was used for each muscle with the within-participant factors for the model being condition (with and without pain), level (C2 to C3 and C7 to T1), and side of body (left and right). Statistical significance was accepted at the 0.05 a level.
RESULTS
Intensity of Pain
Thirty seconds after pain induction, the mean score for pain intensity was 5.8 (±1.1), which decreased to 4.8 (±1.1), 2.9 (±1.1), and 1.3 (±1.5) after each repetition of the task.
RPE
There was a significant interaction effect between condition and exercise for RPE (F=4.903; P=0.030). In the nonpain condition, RPE increased significantly with every exercise bout (P<0.001), whereas in the pain condition, there was no difference in RPE among the 3 sets (P=0.872) (Fig. 2) . There was a significant difference in RPE between the pain and nonpain condition for the first exercise (P=0.004).
Effect of Pain on Muscle Recruitment Mul/Sce
For the Mul/Sce, there was a significant condition Â level interaction (F=5.481; P=0.035). Post hoc tests showed a significant lower T2 shift in the pain condition compared with the nonpain condition at the C7 to T1 level (P=0.045), but not at the C2 to C3 level (Fig. 3) .
SCa
For the SCa, there were no significant main effects (condition: F=0.034; P=0.857 and side: F=1.193; P=0.293) or interaction effect (F=0.077; P=0.785).
SpC
For the SpC, the results showed a significant main effect for level (F=7.284; P=0.017) and a significant condition Âside effect (F=16.130; Pr0.001). Post hoc tests showed a significantly higher T2 shift in the pain condition compared with the nonpain condition at the C2 to C3 level, but only on the left side (P=0.008). At the C7 to T1 level, a lower T2 shift in the right SpC (P=0.023) was seen in the pain condition compared with the nonpain condition, but not in the left SpC (P=0.055) (Fig. 4) .
DISCUSSION
The results of this study show a change in cervical extensor muscle activity during the performance of a cervical extension task in response to experimentally induced muscle pain. The most consistent finding was FIGURE 2. Changes in rate of perceived exertion of the 3 exercise bouts in the nonpain and pain condition. *P < 0.05.
Cagnie et al
Clin J Pain Volume 27, Number 5, June 2011 reduced activity of the Mul/SCe muscle bilaterally at the C7 to T1 level when exercise was performed in the presence of pain compared to without pain, which seemed to be independent of the side of experimentally induced pain. In contrast, the activity of the SpC muscle in the presence of pain seemed to be dependent on the side of induced pain with a significant reduction in activity at C7 to T1 on the side of injection, and a generalized heightened activation contralateral to the injection side (C2 to C3 P=0.008, C7 to T1 P=0.055). Although it is feasible to speculate that the heightened response of the more superficial SpC muscle on the left in the presence of pain may be compensatory for reduced activity of the deeper SCe/Mul muscles, the notion is weakened by the findings of reduced SpC activity on the side of the injection and the lack of group differences in activity for the relatively superficial SCa muscle bilaterally.
The rather large SDs in the T2 shifts reflect the extent of variability in the T2 shifts between the participants. As the nociceptive stimulus and experimental context were standardized, other factors should account for this interparticipant variability. One potential factor is the experience of pain in which cognitive and behavioral factors may influence pain and pain report. Another factor is the redundancy of the cervical muscles: as many muscles surround the cervical spine, there is considerable capacity for variation in the motor response to pain. Not withstanding this, the alterations in the extensor muscle activity in response to the experimentally induced neck pain observed in this study may at least, in part, explain changes in extensor muscle strength and endurance reported in neck pain patients [4] [5] [6] and lends support to recommendations that their function be evaluated in the clinical management of neck pain. 2, 3 The findings of this study reveal some consistencies with earlier experimentally induced pain studies of the cervical spine. 20 Falla et al 20 showed that after the injection in the sternomastoid muscle, the activity of the SpC muscles (measured with EMG) was significantly lowered on the side of the injection that was associated with a heightened response of other cervical muscles. Similar to the findings in this study, it was postulated that this reorganization of muscle activity may reflect a change in neural strategy to permit motor and force output to be maintained in the presence of pain, by redistributing loads between synergists and antagonist muscles specific to the task that was carried out. Certainly, a change in motor strategy by the participants to maintain the same force output in both experimental conditions may be supported by the differences in RPE scored by the participants between the 2 experimental conditions. The RPE experienced during the first exercise was significantly higher in the pain condition compared with the nonpain condition. It is reasonable that a change in motor strategy during the cervical extension task because the presence of pain may have resulted in the patient perceiving the task as a higher effort.
Although a functional reorganization of muscle activity may be an effective strategy in the short-term to avoid disruption of a task, in the long-term it is proposed to have the adverse effects on the muscles because of chronic changes in loading. 24 Such changes in muscle loading are considered to contribute to the development of chronic musculoskeletal symptoms and may help explain the physical (morphologic and histologic) changes documented in the cervical extensors in persons with neck pain. 7, 8, [10] [11] [12] FIGURE 3. T2 shifts in milliseconds (mean ± SD) of the multifidus/semispinalis cervicis (Mul/Sce) for the pain and nonpain condition. *P < 0.05. FIGURE 4. T2 shifts in milliseconds (mean ± SD) of the splenius capitis (SpC) for the pain and nonpain condition. *P < 0.05.
In this manner the bilateral reduction in activity of the SCe/ Mul muscles in the presence of pain in this study is interesting with respect to those changes reported in patients with neck pain related to WADs. Kristjansson 9 reported difficulties in identifying the anatomical borders of the Mul and SCe muscles in patients with WADs and attributed these findings to atrophy and dysfunction of the Mul muscles. In contrast, Elliott et al 12 using MRI measures found that patients with chronic WAD had a larger cross-sectional area of their Mul muscles than controls and suggested that this could reflect the coinciding findings of higher concentrations of fatty infiltrate in these muscles. Although the underlying cause of these physical changes in the Mul muscles of patients with WAD is still not clearly understood, it is feasible to postulate that alterations in activity, and consequently the loading of this deep muscle group in response to pain as observed in this study, may at least in part contribute to an eventual change in the physical structure of the muscles. These results must be viewed within the limitations of the study.
In this study an experimental pain paradigm was used, which presumably will differ somewhat from that of clinical neck pain with regard to both the physiologic and emotional aspects of the complex pain experience. Although the experimental pain model has tremendous potential for the investigation of basic pain mechanisms, these differences in experimental and clinical pain processes potentially affect the impact that these different pain models may have on the motor function. The findings in this study should therefore be used with caution when extrapolating to the clinical presentations of neck pain. Within the biopsychosocial model, the entire spectrum of social and psychological factors should be taken into account when attempting to understand the mechanisms underlying such complex neuromotor changes. Another limitation of this experimental design is that it was not appropriate for performing the exercise bouts in a random order, as pain induction may cause some discomfort for a prolonged time.
The findings in this study, particularly with respect to the differences in muscle activity observed at the higher (C2 to C3) and lower (C7 to T1) levels evaluated, may also reflect the method of exercise performed in this study. The performance of cervical extension with the craniocervical region maintained in a neutral position as done in this study is postulated to demand greater extensor moments to the lower cervical region compared with the upper cervical region, which is supported by the observations of larger T2 shifts for both the Mul/SCe and SpC muscles recorded at the C7 to T1 level compared with the C2 to C3 level, both in this study and in our earlier study. 25 Potentially, this may explain the absence of findings for the SCa muscle that could only be evaluated at the C2 to C3 level. Future studies investigating the cervical extensor muscle activity in neck pain models may need to also use different methods of extension exercise, including different exercise variables such as exercise intensity, repetitions, and duration of contraction. Although it is clear from the validation studies that changes in the T2 values have a proportional relationship with exercise intensity, [26] [27] [28] [29] the precise effect of how other variables, such as those related to exercise characteristics (eg, biomechanical, duration of exercise) and biological variability (individual physiological and biochemical variables), contribute to the changes in T2 remains unclear, and this requires further research with advanced imaging applications and this is well underway.
In conclusion, this study has shown that pain may have an immediate substantial effect on the cervical motor function consistent with the findings of Falla et al 20 and earlier studies using experimental pain models in other regions of the body. 16, 30, 31 This is the first study that has shown pain to immediately impact both deep and superficial extensor muscle layers. It would seem that pain has an inhibitory impact on the deeper muscle layer (Mul/SCe) and a variable impact on the activity of the more superficial layers with some indication of heightened compensatory response from the superficial SCe muscle. From a clinical perspective the findings support the recommendations that cervical muscle function should be a consideration early in the management of cervical spine injuries and that management should avoid the aggravation of symptoms on the basis of the known deleterious effect of pain on motor function. 2, 3 Further studies are now required to investigate the function of the cervical extensor muscles in clinical neck pain populations, which will help to develop more informed management options in the clinical management of neck pain.
